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PROBLEM TO BE SOLVED: To prevent degradation in shape due to wet etching during a device process, by filling 
element isolation trenches partway in the direction of the depth of the trenches by SOG, and filling the upper part of the 
trenches with an oxide film by CVD when the trenches are filled with an oxide film. 

SOLUTION: A Si02 film 2 is formed on a Si substrate 1 by thermal oxidation, and a SiN film 3 is formed on the Si02 
film 2. The SiN film 3, Si02 film 2, and Si substrate 1 are anisotropically etched, respectively, to form isolating 
trenches. An Si02 film 4 is formed in the trenches, a SOG solution is then applied, and the trenches are filled by SOG 
partway in the direction of the depth of the trenches to form a SOG film 5. Subsequently, the upper part of the interior 
of the trenches is subjected to CVD at a high a temperature as 800 deg.C or so using silane gas, an HTO film 6 
forming an oxide film is thereby formed, and the trenches are filled. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the manufacture approach of the semiconductor device which embeds by SOG to the 
middle of the depth direction of a trench, and is characterized by the upper part of a trench performing 
embedding with an oxide film in case embedding by the oxide film of trench component part separation 
is performed in the manufacture approach of a semiconductor device of having the shape of a trench 
equation which is separable. 

[Claim 2] The approach according to claim 1 the oxide film of the upper part of said trench is the HTO 
film or LTO film. 

[Claim 3] The approach according to claim 1 said SOG film is the inorganic SOG film, the organic SOG 
film, or HSQ (Hydrogen-Silsesquioxane) film. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the semiconductor device 
improved so that the shape of a good trench equation which is separable might be acquired in detail 
about the manufacture approach of a semiconductor device of having a trench separation process. 
[0002] 

[Description of the Prior Art] By the manufacture approach of a semiconductor device that this 
invention is related, it is one of the important elements that the shape of a good trench equation which is 
separable is acquired. 

[0003] For this object, embedding nature is comparatively good and there is usually an approach using 
HDP-CVD as an approach of obtaining the trench embedding oxide film of the membraneous quality 
near the thermal oxidation film. However, by this approach, when embedding of the trench of a three or 
more-aspect ratio high aspect ratio is performed by trench separation width of face of 200nm or less, 
sufficient embedding nature will not be obtained like drawing 5 , but aggravation of an isolation 
property will be caused. 

[0004] Moreover, there is the approach of forming an oxide film as an approach of forming an oxide 
film with sufficient embedding nature using SOG which is the spreading film. According to this 
approach, although the embedding of the trench of the above high aspect ratios becomes possible, as 
shown in drawing 6 , the fault that a large level difference arises is between a trench and other parts. 
[0005] Furthermore, the trench separation approach of a semiconductor device is indicated by JP,7- 
07723 1,B. In this well-known approach, in order to embed the large trench of an aspect ratio without a 
clearance, after carrying out, carrying out opening of the trench pattern to those film, excavating a trench 
for a nitride on a mask and oxidizing a trench front face, etchback is carried out and SOG is made into 
spreading and the structure where SOG embeds a trench to near the trench front face, in the growth-on 
substrate back by the underlay oxide film and the nitride. Then, the substrate with a small level 
difference which has trench separation is obtained by removing the oxide film and nitride which the 
HTO film with sufficient wet etching resistance was grown up by CBD, and prepared it in early stages, 
and oxidizing a substrate front face. 
[0006] 

[Problem(s) to be Solved by the Invention] However, since the SOG film has weak wet etching 
resistance, it is greatly etched like drawing 3 by the wet etching process in a device process, the 
configuration of trench separation gets worse, and it has an adverse effect on a component property. 
Moreover, the SOG film is film containing many impurities, such as a metal, and a possibility of doing 
the adverse effect to a gate oxidation process etc. is shown in a trench front face in the condition that the 
SOG film is unreserved. 

[0007] The main objects of this invention are to offer the manufacture approach of the semiconductor 
device which forms the trench separation with sufficient embedding nature. 

[0008] Etching resistance forms strong trench separation and other objects of this invention have it in 
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offering the manufacture approach of a semiconductor device with high process stability. 
[0009] 

[Means for Solving the Problem] The description of this invention is in the embedding process of trench 
isolation to form the oxide film which used SOG to the middle of the depth direction of a trench, and 
form the embedding of the upper part of a trench with the oxide film by the CVD method. 
[0010] That is, in the manufacture approach by this invention, in case embedding by the oxide film of 
trench component part separation is performed, it embeds by SOG to the middle of the depth direction of 
a trench, and the upper part of a trench performs embedding with Si02 film, for example, the HTO film, 
as an oxide film by CVD. 

[001 1] Thus, by performing embedding of the trench upper part using SOG, the duty which prevents the 
configuration aggravation by the wet etching in the inside of a device process by it becoming easy to 
perform embedding of the high trench of an aspect ratio, and forming the embedding of the trench upper 
part by CVD film, such as HTO film with sufficient membraneous quality, especially wet etching 
resistance, is achieved. 

[0012] Therefore, the effectiveness that the trench separation with sufficient embedding nature with high 

process stability can also realize a trench with a high aspect ratio is acquired. 

[0013] 

[Embodiment of the Invention] This invention is explained with reference to a drawing. Drawing 1 (a) 
thru/or drawing 4 (j) show the process sectional view in the gestalt of 1 operation of this invention. 
[0014] First, on the Si substrate 1, Si02 film 2 is formed by the thickness of lOnm by thermal oxidation, 
and the SiN film 3 is formed by the thickness of 150nm with a CVD method. And the SiN film 3, Si02 
film 2, and the Si substrate 1 are etched by anisotropic etching using a lithography process, respectively, 
and the slot of trench separation is formed in width of face of 200nm, and a depth of 500nm ( drawing 1 
(a)). 

[0015] And for etching damage relaxation, Si02 film 4 is formed in the interior of a trench by thermal 
oxidation ( drawing 1 (b)). 

[0016] Subsequently, an SOG solution is applied, for example, BEKU is performed at 400 degrees C, 
and the SOG film 5 is formed ( drawing 2 (c)). Since the SOG film 5 is formed by applying a solution in 
this way, it is embedded also to the interior of the high trench of an aspect ratio like this example, and 
can improve [ a sex ] film formation. Next, by Mr. about lOOnm Fukashi, anisotropy dry etching 
performs etchback of the SOG film 5 from Si substrate front face ( drawing 2 (d)). 
[0017] Next, embedding is performed by forming the so-called HTO film 6 by performing oxide-film 
formation by the thickness of 200nm by performing CVD for lOOnm of upper parts of the slot on the 
trench at an about 800-degree C elevated temperature using silane system gas ( drawing 2 (e)). 
[0018] The wet etching resistance of this HTO film 6 is also high, and it is known for being hard to mix 
a metal impurity etc. And the excessive HTO film 6 on SiN is removed by CMP ( drawing 3 (f)). 
[0019] Subsequently, although the SiN film 3 and Si02 film 2 are removed ( drawing 3 (g)), and Si02 
film 7 which serves as a mask of a well or the ion implantation of channel formation by thermal 
oxidation is formed ( drawing 3 (h)), and it omits by wet etching since it is easy by a diagram After 
forming a well and a channel by the ion implantation, Si02 film 7 is removed by wet etching ( drawing 
4 (i)), and the gate electrode 9 is formed of thermal oxidation by the polish recon by gate Si02 film 8 
and the CVD method ( drawing 4 (j)). 
[0020] After this, patterning of a gate electrode will be performed by the well-known approach, a source 
drain will be formed, and an MOS device will be formed through a wiring process. 
[0021] In such a manufacture approach, since the lower part of a trench is embedded by SOG and the 
upper part is embedded for example, by the HTO film with the CVD method, and the high trench of an 
aspect ratio like this example could also be embedded good and it has covered by the HTO film with 
high wet etching resistance, film decrease of the trench oxide film in a process is also small, and a trench 
configuration good for this reason is acquired. Furthermore, since SOG is capped, the effectiveness that 
the effect of the gate oxidation process on the impurity in SOG etc. can also be prevented is brought 
about. Thereby, the film with high wet etching resistance can be formed. 
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[0022] In the gestalt of the above-mentioned operation, if the height of wet etching resistance is obtained 
instead of the HTO film, the so-called LTO film which made growth temperature low may be used. 
Moreover, it is known that the film with high wet etching resistance will be obtained, and this may be 
used for the oxide film which also formed plasma CVD by HDP(High Density Plasma) CVD instead of 
being HTO. Furthermore, ** inorganic [ SOG ] and organic [ SOG ] may be used for the SOG film, and 
the spreading film of a low dielectric constant like HSQ (Hydrogen-Silsesquioxane) may be used for it. 
[0023] 

[Effect of the Invention] As explained above, in the manufacture approach of the semiconductor device 
of this invention, by performing embedding of the trench upper part using SOG, it is it becoming easy to 
perform embedding's of the high trench of an aspect ratio, and forming the embedding of the trench 
upper part by CVD film, such as HTO film with sufficient membraneous quality, especially wet etching 
resistance, and the duty which prevents the configuration aggravation by the wet etching in the inside of 
a device process is achieved. 

[0024] Therefore, the effectiveness that the trench separation with sufficient embedding nature with high 
process stability can also realize a trench with a high aspect ratio is acquired. 



[Translation done.] 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of the semiconductor device 
improved so that the shape of a good trench equation which is separable might be acquired in detail 
about the manufacture approach of a semiconductor device of having a trench separation process. 
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PRIOR ART 



[Description of the Prior Art] By the manufacture approach of a semiconductor device that this 
invention is related, it is one of the important elements that the shape of a good trench equation which is 
separable is acquired. 

[0003] For this object, embedding nature is comparatively good and there is usually an approach using 
HDP-CVD as an approach of obtaining the trench embedding oxide film of the membraneous quality 
near the thermal oxidation film. However, by this approach, when embedding of the trench of a three or 
more-aspect ratio high aspect ratio is performed by trench separation width of face of 200nm or less, 
sufficient embedding nature will not be obtained like drawing 5 , but aggravation of an isolation 
property will be caused. 

[0004] Moreover, there is the approach of forming an oxide film as an approach of forming an oxide 
film with sufficient embedding nature using SOG which is the spreading film. According to this 
approach, although the embedding of the trench of the above high aspect ratios becomes possible, as 
shown in drawing 6 , the fault that a large level difference arises is between a trench and other parts. 
[0005] Furthermore, the trench separation approach of a semiconductor device is indicated by JP,7- 
07723 1,B. In this well-known approach, in order to embed the large trench of an aspect ratio without a 
clearance, after carrying out, carrying out opening of the trench pattern to those film, excavating a trench 
for a nitride on a mask and oxidizing a trench front face, etchback is carried out and SOG is made into 
spreading and the structure where SOG embeds a trench to near the trench front face, in the growth-on 
substrate back by the underlay oxide film and the nitride. Then, the substrate with a small level 
difference which has trench separation is obtained by removing the oxide film and nitride which the 
HTO film with sufficient wet etching resistance was grown up by CBD, and prepared it in early stages, 
and oxidizing a substrate front face. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, in the manufacture approach of the semiconductor device 
of this invention, by performing embedding of the trench upper part using SOG, it is it becoming easy to 
perform embedding ! s of the high trench of an aspect ratio, and forming the embedding of the trench 
upper part by CVD film, such as HTO film with sufficient membraneous quality, especially wet etching 
resistance, and the duty which prevents the configuration aggravation by the wet etching in the inside of 
a device process is achieved. 

[0024] Therefore, the effectiveness that the trench separation with sufficient embedding nature with high 
process stability can also realize a trench with a high aspect ratio is acquired. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, since the SOG film has weak wet etching 
resistance, it is greatly etched like drawing 3 by the wet etching process in a device process, the 
configuration of trench separation gets worse, and it has an adverse effect on a component property. 
Moreover, the SOG film is film containing many impurities, such as a metal, and a possibility of doing 
the adverse effect to a gate oxidation process etc. is shown in a trench front face in the condition that the 
SOG film is unreserved. 

[0007] The main objects of this invention are to offer the manufacture approach of the semiconductor 
device which forms the trench separation with sufficient embedding nature. 

[0008] Etching resistance forms strong trench separation and other objects of this invention have it in 
offering the manufacture approach of a semiconductor device with high process stability. 
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MEANS 

[Means for Solving the Problem] The description of this invention is in the embedding process of trench 
isolation to form the oxide film which used SOG to the middle of the depth direction of a trench, and 
form the embedding of the upper part of a trench with the oxide film by the CVD method. 
[0010] That is, in the manufacture approach by this invention, in case embedding by the oxide film of 
trench component part separation is performed, it embeds by SOG to the middle of the depth direction of 
a trench, and the upper part of a trench performs embedding with Si02 film, for example, the HTO film, 
as an oxide film by CVD. 

[001 1] Thus, by performing embedding of the trench upper part using SOG, the duty which prevents the 
configuration aggravation by the wet etching in the inside of a device process by it becoming easy to 
perform embedding of the high trench of an aspect ratio, and forming the embedding of the trench upper 
part by CVD film, such as HTO film with sufficient membraneous quality, especially wet etching 
resistance, is achieved. 

[0012] Therefore, the effectiveness that the trench separation with sufficient embedding nature with high 

process stability can also realize a trench with a high aspect ratio is acquired. 

[0013] 

[Embodiment of the Invention] This invention is explained with reference to a drawing. Drawing 1 (a) 
thru/or drawing 4 (j) show the process sectional view in the gestalt of 1 operation of this invention. 
[0014] First, on the Si substrate 1, Si02 film 2 is formed by the thickness of lOnm by thermal oxidation, 
and the SiN film 3 is formed by the thickness of 150nm with a CVD method. And the SiN film 3, Si02 
film 2, and the Si substrate 1 are etched by anisotropic etching using a lithography process, respectively, 
and the slot of trench separation is formed in width of face of 200nm, and a depth of 500nm ( drawing 1 
(a)). 

[0015] And for etching damage relaxation, Si02 film 4 is formed in the interior of a trench by thermal 
oxidation ( drawing 1 (b)). 

[0016] Subsequently, an SOG solution is applied, for example, BEKU is performed a\400 degrees C, 
and the SOG film 5 is formed ( drawing 2 (c)). Since the SOG\film 5 is formed by applying^ solution in 
this way, it is embedded also to the interior of the high trenclpof an aspect ratio like this example, and 
can improve [ a sex ] film formation. Next, by Mr. about lOOnm Fukashi, anisotropy dry etching 
performs etchback of the SOG film 5 from Si substrate front face ^drawing 2 (d)). 
[0017] Next, embedding is performed by forming th©^S?)scalled(HTQ) film 6 by performing oxide-film 
formation by the thiclafess of 200nm by performing CVD) for lOOflm of upper parts of the slot on the 
trench at an aboutfSOO-degree C elevated temperaUire4i§ing silane system gas ( drawing 2 (e)). 
[0018] The wet etching^resistance of this HTO film 6 is also high, and it is known for being hard to mix 
a metal impurity etc. And the excessive HTO film 6 on SiN is removed by CMP ( drawing 3 (f)). 
[0019] Subsequently, although the SiN film 3 and Si02 film 2 are removed ( drawing 3 (g)), and Si02 
film 7 which serves as a mask of a well or the ion implantation of channel formation by thermal 
oxidation is formed ( drawing 3 (h)), and it omits by wet etching since it is easy by a diagram After 
forming a well and a channel by the ion implantation, Si02 film 7 is removed by wet etching ( drawing 
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4 (i)), and the gate electrode 9 is formed of thermal oxidation by the polish recon by gate Si02 film 8 
and the CVD method ( drawing 4 (j)). 

[0020] After this, patterning of a gate electrode will be performed by the well-known approach, a source 
drain will be formed, and an MOS device will be formed through a wiring process. 
[0021] In such a manufacture approach, since the lower part of a trench is embedded by SOG and the 
upper part is embedded for example, by the HTO film with the CVD method, and the high trench of an 
aspect ratio like this example could also be embedded good and it has covered by the HTO film with 
high wet etching resistance, film decrease of the trench oxide film in a process is also small, and a trench 
configuration good for this reason is acquired. Furthermore, since SOG is capped, the effectiveness that 
the effect of the gate oxidation process on the impurity in SOG etc. can also be prevented is brought 
about. Thereby, the film with high wet etching resistance can be formed. 

[0022] In the gestalt of the above-mentioned operation, if the height of wet etching resistance is obtained 
instead of the HTO film, the so-called LTO film which made growth temperature low may be used. 
Moreover, it is known that the film with high wet etching resistance will be obtained, and this may be 
used for the oxide film which also formed plasma CVD by HDP(High Density Plasma) CVD instead of 
being HTO. Furthermore, ** inorganic [ SOG ] and organic [ SOG ] may be used for the SOG film, and 
the spreading film of a low dielectric constant like HSQ (Hydrogen-Silsesquioxane) may be used for it. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) and (b) are a process sectional view in the gestalt of 1 operation of this invention. 
[Drawing 2] (c) - (e) is the process sectional view of the process performed following the process of 
drawing 1 (a). 

[Drawing 3] (f) - (h) is the process sectional view of the process performed following the process of 
drawing 2 (e). 

[Drawing 4] (i) and (j) are the process sectional view of the process performed following the process of 
drawing 3 (h). 

[Drawing 5] The sectional view showing the trench embedding oxide film obtained by the conventional 
approach. 

[Drawing 6] The sectional view showing the trench embedding oxide film obtained by other 
conventional approaches. 
[Description of Notations] 

1 Si Substrate 

2 Si02 Film 

3 SiN Film 

4 Si02 Film 
5SOG 

6 HTO Film 

7 Si02 Film 

8 Gate Si02 Film 

9 Gate Electrode 
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DRAWINGS 



[Drawing 6] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 5] 
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